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Abstract

A muon cooling channeldesignfor a neutrinofactory basedon low frequeny 44/88 MHz r.f.

technologyhasbeenrecentlydevelopedat CERNJ1]. Thisschemads aninterestingalternatve to
the optionsdevelopedin the US, basedon 201 MHz r.f. systemd2], aswell asa candidatefor

thelnternationalMuon Cooling Exeriment.We designedandsimulateda pseudo-realistizersion
of the threesectionsof the CERN cooling channel. We verified thatthe GEANT4 and PATH

simulationsof the hard-edgeversionof the44 MHz sectiongive consistentesults.We studiedthe
performancef thepseudo-realistid4 MHz sectionandsuggestedhodifications/imprgementgo

thecurrentdesign.

1 INTRODUCTION

A muon cooling channeldesignfor a neutrinofactory basedon low frequeny 44/88 MHz r.f.
technologyhasbeenrecentlydevelopedat CERN[1]. This schemas aninterestingalternatve to
theoptionsdevelopedin theUS, basedn 201 MHz r.f. systemg2]. Themaindifferencebetween
thelow frequeng andthe high frequenyg designss thatthe formerschemamakesuseof the pion
beammicro-structureo avoid re-tunchingbeforecooling. In the latter design,on the otherhand,
the cooling channelis preceededy a bunchingsection. The larger bucket associatedvith the
lower frequeng designhelpsto reducelongitudinallossesn the cooling section,althoughat the
expenseof a substantialongitudinalemittancegrowth.

A descritionaswell asa simulationof thelow frequeng systemis availablein Ref.[1]. The sim-
ulationis basedonthe PATH program([3], usedin fastmode,within the paraxialapproximation.
Hardedgemagnetidields,andinfinitely thin cavities areimplemented.

In this note,we usedthe GEANT4 [4] tool kit to performa pseudo-realistisimulationof the
44/88MHz coolingchannel. GEANT4 is atrackingcodewhich performsafull integrationof the
equationof motion.

Theobjectve of our studywasto investigatehetransitionfrom asimpleto arealisticsimulation
of the 44/88MHz channel,usingrealisticfields associatedvith r.f. cavities andsolenoids.The
simulationis “pseudo”-realistidn the sensehatcavity or absorbexindows andengineeringson-
straintsarenotfully studiedandincorporatedThesimulationcodewasimplementedor thethree
sectionsof the channel(first cooling,accelerationsecondcooling). It is flexible to allow changes
in thelattice,r.f., absorberandbeamparametersyhenerer the designis stableandreadyfor op-
timization. Modificationswill be neededasthe cooling channelis integratedto a more detailed



designof the front-endandsucceedingcceleratosections.

Thereis anon-goingeffort[5] to replacethe 44 MHz r.f. systemin thefirst coolingsectionand
malke it 88 MHz all throughthe channel. We thereforedid not attemptto optimize the current
lattice or beamparametersat this stage.

2 GENERAL DESCRIPTION OF THE NEUTRINO SOURCE DESIGN

A pion beamis generatedrom a 2.2 GeV protonbeaminteractingwith a mercurytargetinmersed
in a20 T solenoid. The pionsdecayin a 30 m long channelinsidea 1.8 Teslasolenoid. At the
end of this decaychannel,the particleswith kinetic enegy in the range100-300MeV entera
phaserotationsection,which uses44 MHz cavities to reducethe enegy spreadoy abouta factor
of two. Thefirst cooling stageusesthe samelattice andr.f. systemasthe phaserotationsection
but includesliquid hydrogenabsorberso reducethe trans\erseemittanceby a factorof about0.7
in eachplane. The lattice is further extended without absorbersn an acceleratiorsectionwhich
increasedhe beamaverageenegy from 200 MeV to about280 MeV. At this point, the beam
sizeis smallenoughto allow a secondcooling section,basedon 88 MHz cavities, to reducethe
trans\erseemittanceby approximatelya factor of four in eachplane. After cooling, the beam
enegy is rampedup to 2 GeV, suitablefor injectionin a uRLA, usingtwo acceleratosections
with cavities operatecat 88 MHz and176 MHz, respectiely.

The generaldesignaswell asthe specificvaluesof the parametersf the channelslescribedn
thefollowing sectiondollowed,whenavailable theinformationin Ref.[1, 5].

3 THE COOLING CHANNEL

Thefirst stepin our studywasto comparePATH simulationresults[1] with thoseobtainedusing
GEANTA4. We thereforewrote simulationcodefor the 44 MHz cooling sectionfollowing exactly
the CERNhard-edgelesign.

A realisticversionof the hard-edgecooling channelwas not available. The secondstep,and
primary goal of this study wasto designa realisticchannelwhich followedascloselyaspossible
thehard-edgalesign.Realisticr.f. andsolenoidafieldswereextractedfrom Ref.[6, 7].

3.1 Hard-Edge Version of the 44 MHz Section

A representationf a unit cell of the hard-edget4 MHz sectionis shavnin Fig. 1. It is composed
of two sub-cells,2 m long each,with ideal solenoisproducinga squareB, field of 2 T constant
in the radial direction. This periodicsquarefield alternatesdetween+2 T and —2 T, andtakes
zerovalueat5 mm beforeandaftereverytransition,whereB, is non-zero.Theradialfield is zero
exceptin thisregion of transitionwhere following from the integrationof Maxwell equations:

10 0B,
sor B =—"5

B, =—(r/2) x (AB,/Az),

with AB, = +4 T andAz=1 cm. The azimuthalandradial component®f the magneticfield
areshowvnin Figs.2 and 3. They areinputto GEANT4 in theform of field maps.



The hard-edgechannelis a resonancdree system. This follows from the equationof betatron
oscillations.In the Larmorframe,underthe paraxialapproximationjt becomes:

2z (eB,(2)\’
el = 1
dz? + < 2pc ) z=0 @)

wherez is ary trans\ersecoordinate andp the particlemomentum.The longitudinalfield on
axis B,(z) = B, and,therefore the 5-functionis a constant.Ourimplementatiorof a hard-edge
channelhowever, is not a completelyresonancdree systemdueto the contrikbution of the small
zerofield rangesn thefield flip regions.

At 50cmfrom thebegginningof thecell, andthenevery 1 m, r.f. accelerationms achiezedthrough
a2 MeV kick overa 1 cmregion. A liquid Hydrogen(LH2) absorber27.7cm long and30 cm
in radius,is locatedat the endof thecell. Ther.f. system(vertical bars),andthe absorbei(grey
block) areshavnin Fig. 1. Thelengthof theunitcell is 4.32m, andthetotal lengthof the44 MHz
sectionfor 11 cells,47.52m

r.f kicks (2 MeV gain each) Absorber
i v \ | (@7cm
| + | - [ ¥ | = |
+2 [Teda -2|(Teda Tr =30 cm
| + | - [ ¥ | = |

Im

A
v

Figurel: Representationf a unit cell of the hard-edgeversionof the 44 MHz cooling section.
Thedarkgrey blocksrepresenthe solenoidsthe verticallines show the locationof ther.f. kicks,
andthelight grey rectanglehe LH2 absorber

Ther.f. is run on crest,to usethe cavities at full power [5]. The synchronougphaseof the
cavities wasthereforesetto 90°. Ther.f. systemwastunedfor a channelwith nominalkinetic
enegy of 200MeV, throughthe wholelengthof thechannel A nominalparticlewith thatenegy,
atz = y = 0 andwith zerotrans\ersemomentumreceves8 MeV from ther.f. systemandlosses
8 MeV attheabsorberFig. 4 shavs thekinetic enegy of thenominalparticleasafunctionof the
channelengthz. In eachcell, the four sectionsof almostinstantaneouacceleratiorarefollowed
by four associatedlrift regions. At the end of eachcell, the particlelosesthe previously gained
enegy.
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Figure4: Kinetic enegy of thenominalparticleversusz, alongthe 11 cellsof the44 MHz cooling
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3.2 Pseudo-realistic Design

We designeda pseudo-realisticooling channelwhich follows the hard-edgdattice ascloselyas
possibleandis consistentvith the cavity designin Ref. [6]. The channelconsistsof threeparts.
Thefirstandsecondectionsarelland? unit cellslong, usethesamdatticewith 44 MHz cavities.

Thethird sectionis 10 cellslong, hasthe samélattice structurebut differentdimensionsanduses
88 MHz cavities. Coolingis performedat a constanhominalenegy in thefirst andthird sections.
The secondsection,which doesnot containabsorbersaccelerateshe beamin betweerthe two

coolingsections.

Geometry A schemeof the44 MHz (88 MHZz) cavities assembledvith solenoidds shavnin
Figs.5- 6. Thecavitiesare1.4m (0.9 m) longand0.3m (0.15m) in radius. They surroundthe
solenoids88 cm (40 cm) long and20 cm thick.
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Figure5: Schemeof theassemblyf 44 MHz cavities with solenoids.



0.15 m: mounting & solenoid supply

| |

t a \ 4 i

0.845m| | ! !

\ \ \

\ i i

\ \ \ \

| § | |

0.35m| || S— | = \
&_—////J | &—////J | [beam tube

e e 1] 05m
eam axis connection between units 0.9 m unit length "

Figure6: Schemeof theassemblyf 88 MHz cavities with solenoids.

A unit cell is composedf four solenoidsembeddedn r.f. cavities asdescribedn the previous
paragraphfollowedby a LH2 absorbeB87 cm (51 cm) long in the caseof the 44 MHz (88 MHZz)
section.Figure7 shavs a schemeof a 44 MHz (88 MHz) coolingcell, whichis 6.04m (4.24m)
long. Thedrawing shavs the limits of ther.f. field mapsusedin the simulation,which doesnot
extendbeyondtheinnerradiusof thesolenoids.Thelengthandradiusof the cavitiesimposelarge
gapsbetweenmagnets52 cm (40 cm) long. Note that the lattice hasdoubleperiodicity dueto
the extra spaceneededo fit the absorbershavn asalight grey rectanglemmediatelybeforethe
endof theunit cell. Theabsorberarelongerthanthosein the hard-edgealesignto accountfor the
highergradientassociateavith the realisticcavities. Otherequallyvalid choicesconsistentwvith
the hard-edgealesignarea shorterabsorbewith only threer.f. cavities, or a shorterabsorbewmvith
four cavitiesranatalower gradient.
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Figure7: Schemeof 44 MHz (88 MHz) coolingcell. Thedashedinesshawv thelimits of the unit
cell. Thedarkgrey blocksrepresenthe solenoidsandthelight grey rectanglehe LH2 absorber

Figure8 shavsavisualizationof thegeometrymplementedn GEANTA4. A view of thechannel
is shavn ontheleft, andthe detail of a unit cell ontheright. The blueringsarethe solenoidcoils,
andthered cylindersa representatiof ther.f. field maps. The absorberarethe smallershort
cylindersin grey.

Magnets Themagnetidieldsarenotreadoutfrom field mapsbut generatecnalyticallyfrom
electriccurrentshroughthe solenoids.Thecurrentthroughthe solenoidsn the 44 MHz sectionis
12 A/mm?, the valuewhich maximizesransmissionThetwo component®f the solenoidafield,
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Figure8: Left: visualizationof the channelgeometryasimplementedn GEANTA4. Right: detail
of aunit cell. Theblueringsarethe solenoidcoils, andtheredcylindersarepresentatioof ther.f.
field maps.Theabsorbersarethe smallershortcylindersin grey.

B, and B,., arequite differentin the pseudo-realistiandthe hard-edgecells. Fig. 3.2 shovs B,
on axisasa function of z in a unit cell, delimited by the vertical lines. The absorbeiis located
immediatelybeforethe dashedine on the right. The field is closerto a sinethanto a square
function, unlike the hard-edgecasewhich is a perfectsquare.Note the doubleperiodicity of the
lattice, which manifestsasa modulation(shoulder)every two periodsof the dominantfrequeng.
The absorbelis not locatedin a zerofield region asin the hard-edgeversion. Fig. 9 shavs | B, |
asa function of z at =10.3cm. Again, it looks quite differentfrom the ideal hard-edgecase.
The radial field is not delta-like but extendsover all space. The peaksare double,dueto the
gapsbetweersolenoidsandtheir amplitudechangesn the absorberegion dueto the extra gap.
Figuresl0shavsthe magnetidieldsfor an88 MHz coolingcell. Thecurrentswerenotoptimized
for maximumtransmissionNotethatthe modulationto thefield is largerthanin the 44 MHz cell.
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Figure9: Left: | B,| versusz atr=10.3cmfor the44 MHz coolingcell. Thedashedarsshow the
limits of cell. Right: | B, | versusz on axis.
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In thecaseof asinusoidalongitudinalfield on axis,someavhatcloseto the casewe arestudying,
Eq.1 reducego:

dz? 2pc L

where2L is the periodlength[8]. The2r andr resonancearelocatedat:

9 2
dx+x<6B°> sin > =0 (2)

2pc
eB,L

= [0.09,0.12] and [0.17,0.28], respectively . 3)

Acceleration Realisticfield mapsassociateavith the cavities in Figs.5- 6 wereprovided by
CERN [7] andincorporatedn the GEANT4 simulation. Cavity specificationsare availablein
Ref.[6]. If ranoncrest,eachrd4 MHz (88 MHZz) cavity would provide agradientof approximately
2 MeV/m (4 MeV/m). More precisely:

//zEz(r — 0) dzdt = 2.87MeV in 1.4 m (44 MHz)

//zEz(r — 0) dzdt = 3.73MeV in 0.9 m (88 MHz)

Thetransittime factorreduceghe effective gradientto ~ 1.95 MeV (3.95MeV), respectiely.
Thefour cavities in eachcell restorethe=x 10.9 MeV (14.2MeV) lost by a nominalparticlewith
E};»=200MeV. Ther.f. systemwasrun on crest,ata synchronougphaseof 90° [5]. The phases
were setat the E, (z componentbf the electric field) weightedz (longitudinal position) mean
alongthe cavity: 27.3cm (16.3cm). Ther.f. tuningis shovnin Fig 11. A particle,with initial
Eiin, =200MeV andz = y = p, = p, = 0, is run throughthe channelto adjustthe cavity
phasesso that the particle follows a pre-definedchannelnominalenegy. That nominalkinetic
enegy is 200 MeV in the first cooling section(44 MHz cavities), and 275 MeV in the second
cooling section(88 MHz cavities). The enegy is ramped-ugrom 200 MeV to 275MeV in the
intermediatdacceleratiorwith no absorbers}ection.
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Figure11: Nominal Kinetic enegy of the channelasa function of z. The plot shows the actual
trajectoryin Ey;,-z spacepf the“nominal” particleusedto tunethesynchronouphase®f ther.f.
cavities. Randomprocessedik e multiple scatteringandstraggling wereturnedoff for thetuning.

3.3 TheBeam

The 5100 particlesinput beamusedin thesestudieswas providedby CERN[5]. It is the output
beamof the hard-edgesimulationof the phaserotationsectionin Ref.[1], with a |cT — ¢T,| <
85 cm cutin the bunchlength. Theactualbeamis not asuniformin enegy-cT spaceasshowvn in
Fig. 13. The|cT — ¢T,| < 85 cutremovesthetails (seeFig.3in Ref.[1]) from fastparticleswith
enegy greaterthanaverageandslow particleswith enegy lower thanaverage.In our study we
derive transmissiomumbergelative to theinitial beamratherthanthe absolutenumberof muons
perproton.

The beamis injectedat the origin (z = 0) of the 44 MHz sectionin both the hard-edgeand
pseudo-realistisimulationsdescribedn this note. Tablel liststheinitial beamparameters.

Tablel: Parameter®f the beaminjectedat the origin of the coolingchannel. The averagekinetic
enegy is 200MeV, < z >=< y >=< p, >=<p, >=0.

Oy Op, 050y, /mc | oor | 0F €
(cm) | (MeV/c) | (cm) (cm) | (MeV) | (cm)
10.9 | 29.4 3.03 48.1 | 139 | 251

Figures12-13shaw theinitial beamdistributions. The non-zeroangularmomentummanifests
asap, — z correlation,which shouldprovide the matchingto the hard-edgedesignof the first
coolingsection.
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4 PERFORMANCE
4.1 Hard-Edge Results

Only the 44 MHz sectionis studiedbecauseéhe goalwasto compareour GEANT4 implemen-
tationwith the PATH simulationin Ref. [1] Fig. 14 is basedon a 5100 particlessimulationand
illustratesthe performancef the 44 MHz sectionof the channel.Trans\erseemittances defined

(seeRef.[9]) as:
_y/det[M]

6‘ . —
T (muc?)?

with M thesecondmomentamatrix in trans\ersephasespace Thetrans\erseemittancan each
planeis definedase, = /7. Correlationsareincludedin the calculations.While ¢,,, remains
basicallyconstantillongthechannelg, diminishesfrom 10.9cmto 8.7 cm. Trans\erseemittance
decreasefrom 25.1 mm to 17 mm, yielding a 0.68 cooling factorin eachtrans\ersedirection.
Referencdl] reportsa similar valuefor anequialentsystem.Transmissions 86.3%, againsthe



97% reportedin Ref. [1]. We obsere initial losseswhich are probablydueto beammis-match,
and the fact that the solenoidinner radius (30 cm) is lessthan 3 times o, of the initial beam
(=~ 33 ¢m). Transmissiorstabilizesto a fairly constantvaluebut dropsat the end of the section
dueto longitudinallosses.
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is asnapshobf the beamat the endof eachcoolingcell.

Fig. 15shovstherapidincreasef longitudinalemittancealongthechannel.Thelossegowards
the endarerelatedto runningthether.f. cavities on crest(longitudinalde-focusing).About 3%
of themuonsdecayalongthe channel;f we ignoredthis effectaswell astheacceptancéossesat
the beginning of the channel transmissiorwould increaseo ~ 96%. In Ref.[1], they probably
did notrun every cavity of ther.f. systemat 90°. Fig. 16 alsoshowns theangularmomentumatthe
beginningof the channelandat theendof eachof the 11 coolingcells.

Trans\ersecooling canbefollowed alongthe hardedge44 MHz sectionin Figs 17, 18, which
shavstheevolution of thebeamsizeandtrans\ersemomentunspread A reductionin thephysical
sizeof thebeamis apparent.

4.2 Pseudo-Realistic Results

Thefull coolingchannelthethreesectionswasimplementedn GEANT4: geometrysolenoidal
fields, accelerationjncluding r.f. tuning. The beam,however, was only followed throughthe
first sectionwith the objective of studyingthe transitionfrom a hard-edgeto a realistic design.
A detailedsimulationof the whole systemawaits upcomingnewn developmentsin the channel
design.Fig. 19is basedon a 5100 particlessimulationwhich includesmuondecay It illustrates
theperformancef the44 MHz section.Asin thehard-edgeersion o, remaindasicallyconstant
alongthe channel o, diminishesfrom 10.9cmto 7.6 cm. Transerseemittancedecreasefrom
25.1mmto 13.3mm, yielding a 0.53 cooling factorin eachtrans\ersedirection. This factoris
significantlylower thanin the hard-edgeversion,dueto thelargerlosses.Thelower transmission,
55%, comesfrom largerlossesn the beginningandtowardsthe endof the section.
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Fig. 20 illustrateson the large lossesin the lastfew cells. The longitudinal emittancegrows
fasterwhenusingthe realisticr.f. system.Theinitial lossesarelarge, mostly dueto beammis-
match. The input beamis the outputof a hard-edgealesignof the phaserotationsystem.Therole
of beamcorrelationsandbetatrorresonancem this behaior will bediscussedh the next section.
Fig. 16 shavs the angulairTmomentummat the beginning of the channelndat the endof eachof the
11 coolingcells. The coolingeffectasa functionof channelengthcanbe obsenedin Figs22,23.
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5 DESIGN STUDIES

In the previous section,we testedthe simplistic assumptiorthat performancewnould not be de-
gradedaswe wentfrom a simplesimulationto a morerealisticone. We will now discusshow the



differentchannelandbeamparametersleterminghe channebehaior.

5.1 Initial Correlations

A simplevisualinspectionof Figs.3 and 9 tells usthatabeammatchedo the hard-edgel4 MHz
sectionwill notbe matchedo therealisticversionproposedn this note. This accountgor mostof
theadditionalinitial lossesobseredin Fig. 19 comparedo Fig. 14. We modifiedtheinitial p, — =
correlationdollowing a simplerecipevalid for along solenoid:

axyxB,Xxc axx X B, xe
5 and py, — py + 9 )

Pz — Pz —

where,in our case,we took B, asthe maximumamplitudeof the oscillating B, on axis. «
is a free parameteto tunethe correlationsto obtain maximumtransmission.The value a=1.4,
correspondingo the beamshawvn in Fig. 24, givesthe largestincrementin transmissionfrom
55% to 69%. Fig. 24 alsoshaws thereis basicallyno changen thefinal trans\erseemittanceof
thebeam.
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It shouldbe possibleto improve transmissiorfurther by injecting a beamwith theright corre-
lations,for exampleby runninganarbitrarybeamthroughanidenticallattice but without acceler
ationor absorbersThereal questionis whethersucha beamcould be producedandtransmitted
atthefront-end(tamget,decay phaseotation).If not, thelossesvould occursooneror laterwhen
thebeamenteredherealistic44 MHz lattice. Theanswemwill comefrom a detailedsimulationof
the physicsat thetarget,andappropriatenatchingsectiongo therealisticlattice.

5.2 Betatron Resonances

Equation3 and Fig.1 in Ref. [8] allow us to computethe rangesof kinetic enegy wherethe
resonancesf a periodicalternatesolenoidsystemarelocated.While the 27 resonancés located
at Ey;, = [9,15] MeV, the = resonances locatedat Fy;,, = [29,67] MeV. The systemshould
be operatedthough,above E;;, ~ 90 GeV, far enoughfrom the resonancéoundarywherethe



B-functionis stronglymodulated.Sincethe averagekinetic enegy of the beamis 200 MeV with
og,,,=13.9,theaverageparticleis morethan7o away from the non-stablaegion, andresonances
shouldnotbeanissue.

On the otherhand,the magneticfield of the lattice we areusingis more comple< thana sinu-
soidal B, on axis(seeFig. 3.2, Fig. 10). In orderto studythe resonancesf our systemwe used
a Gaussiarbeamwith parametersimilar to thoseof the realisticbeam(seeTable 2). To avoid
cooling or acceleratioreffects, we removed ther.f. systemandthe absorberskeepingonly the
solenoidgollowing the original pseudo-realistigeometry

Table2: Parametersf the Gaussiarbeamusedto studyresonancesl heaveragekinetic enegy is
200MeV, < 7 >=< y >=< p; >=<p, >= 0.

O O-pm OcT O‘E
(cm) | (MeV/c) | (cm) | (MeV)
11 | 28 0 0

Wethentook aseriesof 200particlesruns,modifyingthebeamenepy in stepsof 3 MeV around
the nominal Ey;,,=200MeV. Figure 25 shaws the transmissiorof the pseudo-realistitattice asa
function of the kinetic enegy of the beam. A E};, of 200 MeV is closeto the optimal nominal
enegy for thechannel A resonancehowever, seemgo becloserto theoperatiorenegy thanin the
caseof theidealperiodicalternatesolenoidwith sinusoidalB, field. Oneo g below Ey;,=200MeV,
transmissiordropsby 7%; 20 belov nominalgivesa 17% decreaseand3oy belowv givesa 45%
drop.
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Using the informationin Fig. 25, we divided the beaminto two setsof particles: thosewith
Eyin >200MeV andthosewith Ey;, <200MeV. We verified thatthe transmissiorof the “posi-
tive” beamwashigherthanthatof the“negative” beamby 4%. Thisconfirmsthatalthoughbetatron
resonancesake a smallcontributionto particlelossesn the pseudo-realistid4 MHz sectionthe
effectis notnegligible.

5.3 Geometry, Solenoids, and Cavities

It is possibleto modify the lattice to make the magneticfields morewell behaed. For example,
Fig. 26 shavs B, onaxisand|B, | atr=10.3cmfor alatticewherethe extra spacefor theabsorber
hasbeenremoved. Now the systemhasoneperiodicity, the modulationto B, hasdisappearedand
the amplitudeof the | B,| peaksdoesnot oscillate. In Fig. 27, the 52 cm gapsbetweensolenoids
have beenreducedo 20 cm, in additionto removing the absorbesspace.The new systemis very
closeto anidealalternatesolenoidchannelwith B, onaxiswell describedy asinefunction,and
the doublepeakshave disappeareérom | B, |.
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Oneway of reducingthe 44 MHz lattice to the ideal sine caseis to eliminateone of the four
r.f. cavities and make the absorbershorter That way we would have 1.4 m of free spaceto



placethe absorbeiinside the magnet. Thereis the questionon whetherit is possibleto reduce
therelative spacebetweemmagnetdy re-designinghe cavities or extendingthelatticeto include
longersolenoids.

Anotherimportantissueis the polarity of the magnets|t is not necessaryo invert the polarity
at every magnet. Too mary flip regionswould add unnecessargngineeringcompleities. The
polarity couldbe changedat every cell, but keptthe sameinsideit.

A synchronougphaseof 90° doesnot seento betheoptimumparameteto runthecavities. The
r.f. systemdoesnot focuslongitudinally that way, andthereforecontritutesto the longitudinal
emittancegrowth andlosses.

6 SUMMARY

In summary we designedandcodeda GEANT4 simulationof a pseudo-realistiwersionof the
threesectionsof the44/88MHz coolingchanne( CERN scheme)We verifiedthatthe GEANT4
and PATH simulationsof the hard-edgeversionof the 44 MHz sectiongave consistentesults:
transmission>85% and a trans\ersecooling factor of ~0.7 in eachplane. We also studiedthe
performancef the 44 MHz, andsuggestednodifications/impreementgo the currentdesign.

Thecodeis flexible andallows changesn thelattice,r.f., absorberandbeamparametersyhen-
ever the designis stableandreadyfor optimization. Modificationswill be neededasthe cooling
channelis integratedto a more detaileddesignof the front-endand succeedin@gcceleratosec-
tions. Thereis anon-goingeffort[5] to replacethe44 MHz r.f. systemin thefirst cooling section
andmalke it 88 MHz all throughthe channel[5]. We thereforedid not attemptto optimize the
currentlattice or beamparameterat this stage.
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